Background: the impact of long-term changes in physical activity during adulthood in the context of primary prevention of dementia has not been addressed previously. Objective: to study the relationship between changes in time spent walking after middle age and incident dementia in older Japanese individuals. Methodology: we conducted a cohort study of 6,909 disability-free Japanese individuals aged ≥65 years who lived in Ohsaki City, Japan. In both 1994 and 2006, the individual amount of time spent walking per day was assessed using a selfreported questionnaire (<0.5 h, 0.5-1 h or ≥1 h). Based on these three categories of exposure at the two points, participants were categorised into nine groups according to changes in time spent walking. Data on incident dementia were retrieved from the public Long-term Care Insurance (LTCI) Database, in which participants were followed up for 5.7 years (between April 2007 and November 2012). The Cox model was used for estimating the multivariate-adjusted hazard ratios (HRs) of incident dementia. Results: the 5.7-year incidence of dementia was 9.2%. Compared with persons who remained in the lowest category of time spent walking (<0.5 h/day in both 1994 and 2006), persons who remained in the highest category (≥1 h/day in both 1994 and 2006) had a significantly lower risk of incident dementia: the multivariate-adjusted HR (95% confidence intervals) was 0.72 (0.53 and 0.97). Conclusions: these results suggest that maintaining a higher level of physical activity after middle age may be a key strategy for prevention of dementia in older age.
Introduction
It has been suggested that physical activity such as walking can be a protective factor against dementia [1] [2] [3] . However, it is debatable whether primary prevention of dementia can be accomplished by promoting physical activity only in old age, because the process of cognitive decline occurs while individuals are still cognitively normal (i.e. cognitive ageing) [1] . Indeed, recent studies have emphasised the importance of long-term habitual physical activity [4, 5] . Accordingly, it has been hypothesised that maintaining a higher level of physical activity before older age is more important for prevention of incident dementia. In other words, a higher level of physical activity only in older age may not be enough to prevent dementia.
Therefore, changes in physical activity should be considered in order to distinguish the effect of long-term habitual physical activity from any short-term increase of physical activity. However, to the best of our knowledge, the association between long-term change in physical activity and the risk of incident dementia has never been investigated.
The aim of the present study was to investigate the relationship between changes in time spent walking after middle age and incident dementia in older individuals.
Methods

Study cohort
Similarly to our previous study, we used merged data from the Ohsaki Cohort 2006 Study and the Ohsaki Cohort Study [6] .
The Ohsaki Cohort 2006 Study was a population-based cohort study conducted in Ohsaki City, Miyagi Prefecture, Japan [7] [8] [9] . In brief, the study subjects for the baseline survey comprised all older citizens resident in Ohsaki City, on 1 December 2006: 31,694 men and women aged ≥65 years. The baseline survey was conducted between 1 December and 15 December 2006, and the follow-up period was between 1 April 2007 and 30 November 2012. The survey included questions about time spent walking and other covariates (history of disease, education level, smoking, alcohol drinking, body weight, height, psychological distress score and pain).
In the Ohsaki Cohort Study, we had also investigated time spent walking using a questionnaire between October and December 1994 [10, 11] . Although the Ohsaki Cohort Study included only National Health Insurance beneficiaries as the study subjects, a proportion of the participants in the Ohsaki Cohort 2006 Study also participated in the Ohsaki Cohort Study. The survey included questions about physical function level of Medical Outcomes Study questionnaire (MOS score) [12] . By combining the two data sets, we obtained data on exposure change between 1994 and 2006. Figure 1 shows a flowchart of study participation: 6,909 responses were analyzed for the purposes of this study.
During the 5.7-year study period, only 50 individuals were lost to follow-up because they moved away from the study area; thus, the follow-up rate was 99.3%.
Time spent walking (exposure)
Time spent walking was evaluated by asking a specific question, 'How long do you walk per day, on average?', for which the subjects chose one of three responses: '<0.5 h', '0.5 to 1' or '≥1 h'. The validity of this method had been checked in our validation study [13] . We defined an exposure variable of nine categories for changes in time spent walking.
Follow-up (incident dementia)
The primary outcome was incident dementia, defined as disabling dementia according to the criteria of the LTCI system used in Japan [14] .
The LTCI is a mandatory form of national social insurance to assist daily activity in disabled older people [15] . Everyone aged ≥65 years pays premiums, and are eligible for formal caregiving services under a uniform standard of disability certification. The procedure for disability certification comprises two parts: (i) assessment of the degree of functional disability using a questionnaire and (ii) reference to a Doctor's Opinion Paper prepared by the attending physician.
Disabling dementia was defined as incident functional disability with dementia according to the LTCI system whereby dementia exceeded Rank I (rank ≥II) on the Dementia Scale of the Doctor's Opinion Paper, as individuals who have mild or moderate dementia are classified as rank II [14, 16, 17] .
We obtained a data set that included information on LTCI certification, death or emigration from Ohsaki City based on an agreement. All data were transferred from the Ohsaki City Government.
Ethical issues
We considered the return of completed questionnaires to imply consent to participate in the study involving the baseline survey data and subsequent follow-up of death and emigration. We also confirmed information regarding LTCI certification status after obtaining written consent along with the questionnaires returned from the subjects at the time of the baseline survey in 2006. The Ethics Committee of Tohoku University Graduate School of Medicine (Sendai, Japan) reviewed and approved the study protocol.
Statistical analysis
We counted the person-years of follow-up for each subject from 1 April 2007 until the date of incident dementia, date of emigration from Ohsaki City, date of death, incident functional disability without dementia or the end of the study period Y. Tomata et al.
(30 November 2012), whichever occurred first. In our analysis, deaths without LTCI certification were treated as censored. We used the multiple adjusted Cox model to calculate the hazard ratios (HRs) and 95% confidence intervals for incident dementia according time spent walking. Dummy variables were created for the categories of time spent walking, and respondents who answered '<0.5-<0.5 h/day' (remaining more inactive) were defined as a reference category. Multivariate models were adjusted for the following variables: age, sex, history of disease [stroke, myocardial infarction, hypertension, diabetes and hyperlipidemia], education level, smoking, alcohol drinking, BMI, psychological distress score (K6 score), pain and physical function level (MOS score in 1994).
Interactions between time spent walking and sex and time spent walking and age group (<75 years, ≥75 years) were tested by addition of cross-product terms for each of the dummy variables to the multivariate model.
All data were analyzed using SAS version 9.4 (SAS Inc., Cary, NC). All statistical tests described here were two-sided, and differences at P < 0.05 were accepted as significant.
Results
Subject characteristics
The study subjects comprised 3,071 men (44.4%) and 3,838 women (55.6%), with a mean (SD) age at the 2006 baseline of 74.6 (5.6) years. The age range at the 2006 baseline was 65-92 years.
From the resulting 33,788 person-years (n = 6,909 persons), the number of persons developing incident dementia was 638 (9.2%).
Changes in time spent walking and incident dementia
The main results are shown in Table 1 . We found that only one category '≥1 to ≥1 h/day' was inversely associated with incident dementia.
This inverse association for '≥1 to ≥1 h/day' did not differ significantly between the sexes (HR = 0.78 for men, HR = 0.72 for women, P-interaction = 0.673, table not shown), and also did not differ significantly between age groups (<75 and ≥75 years) (HR = 0.69 for <75 years, HR = 0.72 for ≥75 years, P-interaction = 0.779, table not shown).
Discussion
In this cohort study, we investigated the association between changes in time spent walking and incident dementia. We found there was a significantly lower risk only in the group that remained more active ('≥1 h/day to ≥1 h/day').
Our previous study showed that an increase in time spent walking (to a higher level) was related to a lower risk of incident disability, as was the case for remaining at a higher level. However, in the present study, any increase in time spent walking was not associated with the risk of incident dementia. This result suggests that cumulative physical activity after middle age may be important for preventing dementia.
This study had several limitations. First, because we did not consider information related to clinical diagnosis of dementia, some misclassification of incident dementia might have occurred. If there had been much non-differential misclassification, the present results would have been underestimated [18] . However, a previous study has shown that the Dementia Scale is well correlated with the Mini Mental State Examination score (Spearman rank correlation coefficient = −0.736) [19] . A further study has also suggested that the Dementia Scale well reflects dementia as classified by the Clinical Dementia Rating [17] . Second, the sample size might not have been sufficient to allow sensitivity analysis. Third, the quality of walking was not considered. Therefore, there is a possibility that the time spent walking by some participants might have increased because of a slow-down in their walking speed.
In conclusion, this study has shown that the risk of dementia was lower only among persons who continued to spend more time walking after middle age. This result Changes in time spent walking and the risk of incident dementia in older Japanese people suggests that maintaining a higher level of physical activity after middle age may be a key strategy for prevention of dementia in older age.
Key points
• Previous studies have emphasised the importance of longterm habitual physical activity.
• The impact of changes in physical activity on incident dementia has been unclear.
• The risk of dementia was lower only among persons who continued to spend more time walking from middle age to older age.
• Maintaining a higher level of physical activity after middle age may be a key strategy for prevention of dementia in older age.
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